The microwave spectrum of HCCF and DCCF has been investigated in all vibrational states with energy up to 1500 cm -1 . In the ground state and low-lying vibrational states mm-wave measurements up to 210 GHz Avere made. In some cases a detailed analysis of the vibrational state rotation spectrum including the effects of Z-type resonance, and the determination of the anharmonicity constant gtt was possible. The rotational spectra of combination states of the type (vt = 2, Vf = 1) were observed and partially analyzed, which is, to our knowledge, the first time this has been accomplished. The low-lying vibrational states of 13 C species of HCCF and DCCF were also observed.
Introduction
Fluoroacetylene is one of the very small group of linear molecules containing four atoms which since the observation of non-linearity effects in HCNO (e.g. [1] ) have aquired new interest. The haloacetylenes do not display such non-linearity effects, but the analysis of their rotational spectra, particularly in excited vibrational states, is of importance since it gives data on the behaviour of "well-behaved" linear molecules. A second reason why fluoroacetylene is of interest is that it possesses a strong infrared absorption band in the 10 fjim region, the v3 (C-F stretch) band, which makes it a suitable candidate for experiments involving CO2-lasers. This latter property was in fact the main reason for our undertaking the relatively complex synthetic route necessary for the production of fluoroacetylene. The suitability of this molecule for such experiments has been demonstrated by Tanaka et al. [2] in their Stark laser-spectroscopy study. In laser-microwave double resonance experiments on deuterofluoroacetylene, we observed that the 9.4 ^.m P(14) CO2 laser line caused a decrease in absorption in the ground state and an increase in absorption in the (1,0°, 0°) state J = 0^1, 1 2 and 2-^3 rotational transitions. (In this paper, since rotational transitions of no states involving the vibrational modes v\ and r2 were observed, we will designate the states involved by three quantum numbers only (V3, v\,
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0340-4811 / 79 / 0300-0340 S 01.00/0 conventional infrared study of the band of DCCF it appeared that the most likely mechanism for the production of this effect was that this laser line pumped the R (9) transition of this band, which to within the relative poor accuracy of conventional infrared measurements appeared to be coincident. In order to investigate this effect it was necessary to be able to make measurements in the region of 170 GHz. Since we were already involved in a considerable experimental investment in this molecule we decided to measure and analyze as much as possible of the excited state rotational spectrum of fluoroacetylene. We were able to measure the rotational spectrum of all vibrational states up to about 1500 cm -1 for both HCCF and DCCF and also the low-lying bending modes of the four 13 C-species. The energy of the vibrational states in which rotational transitions were measured is shown schematically in Fig. 1 based on the infrared data of Hunt and Wilson [3] . The microwave spectrum of the ground state and the lowlying bending modes have been previously measured by Tyler and Sheridan [4] , We have been able to improve the accuracy of these measurements and in the case of the first excited state of the bending modes were able to observe direct ?-type doubling transitions. The measurements carried out in the states (0, (2, l) 1 ) and (0, (1, 2) 1 ) are to our knowledge the first carried out in such combination states.
The rotational spectrum of excited vibrational states of chloro- [5] and bromoacetylene [6] , and in the case of fluoroacetylene [7] the transition frequencies of some of the excited states discussed here have been recently reported. 
Experimental
The sample of fluoroacetylene was produced by the method of Viche and Franchimont [8] , from tribromethylene over pentabromoethane and l-fluoro-1.1.2.2.tetrabromoethane. The resulting gaseous fluoroacetylene was collected over water and transferred into a glass bulb. Further purification, such as trap to trap distillation, was not carried out because of the hazards attached to such a procedure. Although gaseous fluoroacetylene appears to be harmless even when mixed with air, in the condensed phase the substance is capable of spontaneous explosion. A demonstration of this property was experienced. The sample used was known to contain water vapour and a little acetylene as impurities. Deuterated samples were produced by direct exchange with slightly alkaline D2O.
Measurements up to 63 GHz were made in a conventional 2 m long X-band Stark cell at room temperature. The mm-wave measurements were made using a cell consisting of a 1 metre length of RG(98)/u waveguide with a run-in harmonic generator and detector from Custom Microwave. Fundamental microwave power was supplied by Oki 50 V11 and 60 V12 klystrons. Source modulation at a frequency of 5 kHz was employed.
The laser induced changes in microwave absorption were observed by introduction of 4 Watts cw C02-laser power chopped at a frequency of 1 kHz into the waveguide cells, followed by phasesensitive detection of the microwave signal.
The device used to couple in the infrared radiation into the cells without significant deterioration of the microwave transmission has been described previously [9] .
Theory
A brief summary will be given of the expressions given by Winnewisser and Winne wisser [1] based on the formalism of Amat and Nielsen [10] , for the energy levels and rotation transition frequencies of a linear molecule in the vibrationally excited states involving the bending modes. Expressions developed for the states (0, (2, 1)1), (0, (1, 2)i) and (0, 0, 4». 2) which have not been previously treated in detail will also be given.
With the present data on fluoroacetylene terms in the constant Q which arise from off-diagonal matrix elements of the form (vt, It j ti2 j ut, Zt ± 4) were found to be unimportant for all states except (0, (1, 1)°> 2 ) and these terms will be omitted from the following considerations. As discussed earlier [1] since Z is not a rigorous quantum number, the normal classification of states according to Z is not strictly correct and only a classification into symmetric and antisymmetric species is really meaningful. However since the observed transitions are most easily identifiable by virtue of their Stark effects as possessing a particular Z-value the two methods of classification will be used.
Second Excited State oj a Degenerate Bending
In such a state we expect a nondegenerate level with 1Z1 = 0 and a doubly degenerate level with |Z|=2. The degeneracy of the |Z|=2 levels is raised by an interaction between the 111 = 0 level and one of the 111 = 2 levels via off-diagonal matrix elements (yt, 0 | H2| vt, ±2). Neglecting other offdiagonal elements we arrive at the frequency expressions.
where f = J (J 1) and
gtt is the anharmonicity constant which describes the contribution of the vibrational angular momentum to the vibrational energy, yn = rovibration interaction constant. Thus as may be seen the frequency of the Vs* transitions is slightly dependent on gtt and consequently it is possible to obtain an approximate value for this constant. The + and -signs of v^ refer simply to whether the positive or negative root was selected.
From the above expressions the following sum rules may be derived.
(V + v3~ + ra)* = 3 By + 8yu + 16DV -6(J -j-l) 2 
(Vs + + = 2By + 4 yn + 8 Dv -4(J+1) 2 DV,
where v* refers to v/2(J+l). Using Eqs. (1), (3) and (4) Since transitions with only J 3 were measured only transitions identifiable with 11 \ = 1 were observed in both vt = 1 and vt = 3 states. Consequently the well-known expression
is sufficient for our purposes. It should be noted that Beff = By + yn + 2DV.
For the Vt = 1 states direct Z-type doubling transitions were measured and the transition frequencies were fitted to the expression n = ^t0J(J+l)_gtlJ2(J+l)2. (6) Combination States
In such a state Zt and If may combine to form two pairs of states with 1 = 0 or Z=±2. The degeneracy of the two Z = 0 states is lifted by vibration Z-type doubling [10] , with the off-diagonal element responsible for this <vt, Zt; Vf, Zt < \H2\vt,lt ± 2; IV, h' ± 2> = <1, -1; 1,1 |272| 1,1; 1 -1> = rw where rtv = r°tV + r\vJ{J +1).
The degeneracy of the / = ± 2 states is raised by rotational Z-type resonance.
In the foregoing considerations off-diagonal elements of the form (yt, h \ Hz | v\, It ±4) have been neglected, they were observed to produce negligible contribution to the transition frequencies. However in this state such elements, specifically <>t > h, Vf, h' -2 | H2 | vt ,lt, vt' + 2), were observed to produce detectable effects and these give rise to terms in the constant ptt' •
The following sum rules have been given [1] for this state.
Using these rules By, r\v and yw can be determinedvt = 2, Vf = 1
It appears that the rotational spectrum of a linear molecule in this type of combination state has never been studied in detail. The I-value of the two states may be combined to produce 4 substates with |^| = 1 and two with | /1 =3, and the overall condition may be described by a 6 X 6 matrix. If all off-diagonal elements in which the change in | h + ^t' | is greater than two are neglected (as in Ref. [10] ), forming the symmetric and antisymmetric combinations results in two 3x3 matrices, the symmetric one of which is 2±2, l±i
2±2, 1±1

2°, l±i
The elements a, a' and b, b' can be derived from the general formula given by Nielsen and Shaffer [11] and B is given by Amat and Nielsen [10] as
It is difficult to give general analytical solutions to the two cubic equations resulting from matrix 10 and its antisymmetric counterpart and it is easiest to resort to numerical methods. However for the particular case were J < 3 it may be seen that both a' and b' are zero. This simplification allows analytical expressions for the frequencies of the four 111 = 1 transitions to be obtained as the solutions of the symmetric and antisymmetric determinants. Thus for the «7=1-^-2 transition we obtain
where the contents of the second empty bracket is identical with that of the first. From these expressions it is clear that we expect two doublets centred 1/2^' X 2(J-j-1) apart each with a doublet separation which is dependent on qt, qv, yw, r\f, , gtt, and gw. From Eqs. (11) and (12) we can extract two sum rules (13) (l/4)(vs+ + rs-+ ra+ + va-)
Although Eqs. (11) and (12) are only strictly applicable to the J -1 -> 2 from the experimental observations it appears that the sum rules (Eqs. (14)) are also valid for the J = 2 3 transition and hence probably useful for other low-J transitions.
Observations
The Laser Effects
The 9.4 jjim P(14) CO2 laser line was observed to produce a decrease in intensity in the ground state and an increase in the (1, 0°, 0°) excited state J = 0-^1, l->2 and 2-^-3 rotational transitions. At a pressure of ^lOOmTorr for the J = 2 -> 3 transition a decrease of ^3% in the ground state and an increase of ^300% in the excited state were observed. The magnitude of the effect was observed to decrease with decreasing pressure. Signals of similar magnitude were observed in the J = 0-^1 and J = 1 2 transitions. The charge in intensity produced in the excited state J = 2 -» 3 Stark modulated signal under the influence of 4 Watts of C02-laser radiation is shown in Figure 2 .
The change in microwave absorption produced by the laser power is of the same sign as that expected to be produced by an increase in temperature. However, here obviously a change in bulk temperature was not occurring, since to produce the observed ground state change a temperature rise of only ^ 4 °C was required whereas in the excited state a rise of ^ 130 °C was required. It was reasoned that the effects of laser pumping of a particular ro-vibration transition with J much higher than those of the rotational transitions monitored, were being observed as a general change in the population of the ground and excited states. The mechanism for such an effect would seem to be that the excess population produced in the particular levels of the ground and excited state was spread to the other levels within the vibrational state by successive collisional transitions. Assuming vibrational relaxation to procede relatively slowly, for rotational levels considerably removed from those directly pumped, it would seem that such a mechanism would result in a situation within the vibrational states similar to a new Boltzmann distribution being evolved. Since such a mechanism depends on a large number of collisions this effect would be expected to be more pronounced at higher pressure. In order to determine which ro-vibrational transition of the V3 band of DCCF was coincident with the laser line a conventional infrared study of this band was carried out. Although the individual ro-vibrational transitions could be resolved, some difficulty was experienced in making an assignment since the band centre was masked by hot-bands and possibly by absorption by residual HCCF. However, a transition was assigned as R (9) at 1052.25 + 0.1 cm -1 close to the frequency of the P(14) CCVlaser line (1052.1955 cm -1 ). Since this assignment was made by combination differences and the spectrum was not too clean this assignment could be out in either direction by one J unit.
Thus from this evidence it appeared that very strong double resonance effects could be expected in ground state transitions with J in the region of 9. Using the mm-wave equipment already described the three ground states transitions J = 5-^6, 8^9 and 11-> 12 could be simultaneously monitored as the second, third and fourth harmonic of a fundamental frequency of 52.4 GHz. In the event of the laser pumping the R(9) infrared transition strong double resonance effects would be expected on the J = 8-^9 transition and appreciable effects would also be expected on the other two transitions. After optimization of the system a weak double resonance signal was observed on the J = 5-^6 transition and none at all on the other two, much less intense, transitions. The effect observed on the J = 5 6 transition displayed similar characteristics to those of the lower J transitions. Thus it appears that the explanation involving the V3, R(9) transition is incorrect.
Since the observed effect was specific to the laser line used and was not present in HCCF, absorption of laser radiation by DCCF, or at least a deuterated inpurity must be involved. With such a simple molecular system there are only a very limited number of possibilities. Considerable effort was devoted to devising alternative explanations for the observations and these will be summarized below.
1. Absorption occurs in other band e.g. hot band. No appreciable signal on rotational transitions other than those of ground state and (1, 0°, 0°) was observed.
2. Absorption occurs in an impurity and the effect in DCCF was produced by collisional transfer. This mechanism seems to be a definite possibility but the properties of such an impurity were determined to be so similar to DCCF itself that we are at a loss for a suitable candidate. The impurity must be easily deuterated and have an absorption band in the 10 jj.m region when deuterated. From experiments with DCCF samples held at low temperatures it was determined that the signal producing agent had a similar vapour pressure to DCCF. This fact rules out most of the possible impurities arising from the synthesis and the remaining most likely possibilities. DCCD, DCCH and D2O, HDO were found not to be responsible for this effect. An observation which lends some support to this mechanism was that in mixtures of HCCF and DCCF, signals were also observed in low J ground and (1,0°, 0°) excited state transitions of HCCF. A sample of HCCF which had had no contact with D20 did not produce these signals.
At the present time Ave are unable to determine whether the observed laser-induced signals arise by an absorption by DCCF itself or via absorption by an easily deuterable impurity. Naturally, in principle this question may be resolved by either purification of the DCCF sample by gas chromatography, or by producing a sample over another synthetic route. Both possibilities require considerably chemical manipulation which are not possible in our laboratory at the present time.
Thus whilst we are unable to definitely determine the mechanism of the effect, the laser induced enhancement of the intensity of the excited state transition (Fig. 2) was appreciable, and for studies of high energy excited states brings a welcome increase in absorption intensity over a considerable range of J.
The Microwave Spectrum
The transition frequencies measured for the various vibrational states of fluoroacetylene divided by 2(J + 1) are shown in Table 1 .
Ground, State
Ground state transitions up to maximum frequency of 209.6 GHz were measured for the D-species and up to 194.1 GHz for the H-species of fluoroacetylene. These measurements allowed both BQ and DJ to be accurately determined for both species and the calculated values for these constant are shown in Table 2 . For the four 13 C species only transitions up to J = 2 -» 3 were measured and in calculating the .Bo-constants for these species the values of DJ determined for the 12 C species were assumed.
State (1,0°, 0°)
Transitions up to J -2 -> 3 were measured for both HCCF and DCCF. In DCCF the increase in absorption intensity produced by the laser radiation, which has already been discussed, was an aid in making these measurements. The constant BQ and an approximately value for DY was determined from these measurements. (Table 1) . Using these frequencies together with Eq. (5), BEA, DV and an approximate A T alue for qt may be calculated. The values of J?eff and DV so calculated are shoAvn in Table 2 .
Direct £-type doubling transitions J -> J Avere also measured in the state (0, l 1 , 0°) and (0, 0°, l 1 ) up to a maximum of «7 = 31. The experimental frequencies of these transitions are shown in Table 3 , and the values of and qt 1 obtained by a least square fit to Eq. (6) are shoAvn in Table 2 . Higher order terms than those shown in Eq. (6) were found not to make significant contributions to the frequency of the direct Z-type doubling transitions. It should be pointed out that the /-type doubling constants determined in this work are considerably different from those determined earlier [4] . Since these early measurements invariably yielded constants Avhich were too small it appears Rotational transitions up to J = 7 -> 8 and J = 5 -> 6 were measured for HCCF and DCCF respectively. In the case of HCCF the data was sufficient to allow a complete assignment to be made. As may be seen from Eqs. (1) and (2) we expect three transitions, identifiable with one of the 1Z1 = 2 transitions and two vs transition identifiable with one [ I \ = 2 and one 11 | -0 transition. These latter two transitions are mutually perturbed via the matrix elements <«t,l = 0|ff|t;t,* = 2>.
From the values of v* in Table 1 it can be seen that the higher frequency | Z | = 2 transitions displays an anomalous shift to high frequency with increasing J and that the | Z [ = 0 transition displays a stronger shift to lower frequency than one would expect from centrifugal distortion alone. Thus we can identify the higher frequency | Z | = 2 transition as the symmetric solution with the positive square root, i.e. v8' r and the |Z|=0 as vs~. Consequently the remaining set of transitions with IZI = 2 is • Once this assignment has been made, using the Eqs. (3) and (4) the constants Bv, Dv and yn may be determined and are shown in Table 2 . Once these constants have been determined, the anharmonic constant gtt which contributes to the energy separation between the states with | Z | = 2 and j Z j =0, may be evaluated by use of Equation (2) . A value of zl2° = +16.8 GHz reproduced the separation between the vs + and vs~ components of the J = 4 -> 5 and 7^8 transitions to within the experimental error. Thus from the known values of B5, y55 and D5 we calculate <755 = + 26.5 ±1.0 GHz.
For DCCF the situation was almost identical. Although the two | Z | = 2 transitions were resolved in only one transition, J = 5 6, it is obvious that here again the higher frequency | Z | = 2 transition is also perturbed towards higher frequency. Thus the transitions may be assigned as in HCCF. The constants calculable with the sum rules (Eqs. (3) and (4)) are shown in Table 2 . From the measured separation between rs + and vs~ in the J = 5 -> 6 transition we arrive at values of Zl2° = + 26.5 GHz, ff55 = + 35.4 ± 2.0 GHz.
The calculation of (755 was directly dependent on the separation between vs + and vs~, where vs~ was identifiable with | Z | =0. Consequently any effect which disturbs the relative positions of these lines, such as Fermi resonance, will be incorporated into the effective values of <755 and ys5. The error margins given on these quantities here simply reflects the fit to the microwave data and as such must be treated with caution. From consideration of Fig. 1 it may bee seen that for HCCF such effects are unlikely, but for DCCF a weak interaction with (0, (1, l) 0 ' 2 ) which is ~ 80 cm -1 away may possibly occur.
(0, 20. 2 
, 0)
In principle the situation here is similar to the (0, 0, 2°> 2 ) state, but since V4 is considerably higher in frequency than V5, the rotational transitions in this state were much weaker and were not observed in the relatively insensitive mm-wave spectrometer used. However from the data available (Table 1) it may be seen that the situation here was quite different from that of the low-frequency bending mode. Firstly the transition identifiable with IZI = 2 lies to the low frequency side of that with IZI = 0. Secondly for HCCF the | Z | = 0 transitions display a ./-dependence opposite to that expected from distortion effects and it appears that in this case we must consider these transitions to be described by taking the positive square root in Eq. (2) For HCCF since the 11 | = 2 doublet was not resolved in the J = 2 3 transition the single frequency must be used for both vs~ and va-With an assumed distortion constant of Z)v = 3.6kHz, from this transition we calculated 744 = -0.16 and Bv = 9723.35 MHz using Eqs. (3) and (4). This value for Bv was considerably larger than that determinable from J = 0 1, |Z|=0 transition (v* = 9723.27) and in (0,0°, 2». 2) for HCCF and DCCF and (0,20.2,0) for DCCF these two quantities are very similar. The difference between these two values in the present case was almost certainly caused by the anomalous shift in frequency with J of the | Z | = 0 transition (here rs + ) not being compensated by that of the transition which was not resolved here. For the same reason the y44 calculated from the J = 2 3 transition alone is probably too large. Consequently the constants produced by fixing By at v* for the J = 0 -> 1, I /1 = 0 transition and recalculating ^44 are probably more meaningful. The constants obtained are shown in Table 2 . Using these constants we arrive at values of A2° ^ -7.0 GHz and £44 ^ + 2.5 GHz.
In DCCF the 111 = 2 transition was also observed to the low frequency side of the 111 = 0 transition for J = 2 -> 3. However no anomalous behaviour of the j/J = 0 transitions was observed, i.e. v* decreases with increasing J. Thus in this case an exact assignment was not possible. In the application of Eq. (3) the assignment is of no consequence and in this case since the two 111 = 2 transitions were not resolved there is no difficulty in applying Equation (4) . Using these two equations with an assumed value of Dy the constants Dv and yn were calculated.
In the (0,0°, 20.2) Gf flUOro, chloro [5] and bromoacetylene [6] the 111 = 2 transitions were observed to the high frequency side of the | Z [ = 0 transition whereas here in the (0, 2°> 2 , 0°) state of both HCCF and DCCF the situation was reversed. One is tempted to seek some form of coupling to explain this situation, but as may be seen from Fig. 1 the environment of (0, 2°. 2 , 0) in HCCF and DCCF are quite different. In both cases the nearest state is approximately 100 cm -1 away. For HCCF a Fermi resonance between (0, 2°, 0) and (1,0°, 0°) might be expected and indeed such an interaction has been the subject of an infrared study [12] . It was concluded from this investigation that such an interaction was weak, and more to the point such an interaction would not explain the observations. This is because mixing between (0, 2°, 0) and (1, 0, 0) would tend to reduce the observed effective v* for the | Z | = 0 transition from its unperturbed value and a mechanism producing the opposite effect is required here. At the present time we have no realistic suggestion to explain these observations. vt = 4, (0,0°, 40.2)
Since this state lies near 1460 cm -1 for both HCCF and DCCF the rotational transitions were very weak and the data obtained was somewhat limited. For the two transitions measured for both molecular species it appears that the | Z | == 0 transitions display a larger negative shift with increasing J than might be expected from distortion effects. Thus it seems that in both cases we must assign (11 \ = 0) = vs~ and (11 \ = 2) = v&, Using the sum rules, Eqs. (3) and (4), with an assumed value of Dv, By and y\\ were calculated (Table 2) . In this state the possibility exists of four components being observed for every J > 2. However for both isotopic species of fluoroacetylene the highest J transition measured was J = 2 3 and in this transition the 111 = 2 transition were not resolved. There is unfortunately insufficient data to make complete assignments of the components and only the first of the sum rules (Eq. (7)) given for this state is independent of the assignment.
In HCCF it appears that both | Z | = 0 transitions display a positive shift relative to that expect from centrifugal distortion. In DCCF the same can be said for the lower frequency j Z | = 0 component, but for the other the situation is not clear. Thus it seems that in HCCF both [ Z j = 0 components are conducive with taking a positive square root (i.e. v + ) and this is probably the case for DCCF. It was not possible to assign the transitions as symmetric or antisymmetric. Using the first sum rule and assumed values of Dj the rotational constants shown in Table 2 were calculated. With the assignment given above and the third approximate sum rule (Eq. (9)) a value for yn was derived from the J = 2-^-3 data. As may be seen from Table 2 the value obtained for this constant in this state is very much smaller than those obtained in the (0, 0°, 2°. 2 ) and (0, 2 0 -2 , 0°) states. This is in-keeping with the fact that and ^55 for these two latter states were determined to have similar magnitudes but opposite signs, thus leading to near cancellation in the combination state.
In order to be able to apply the Eq. (8) the assignment into symmetric and antisymmetric species is necessary. Since this was not possible the magnitude but not the sign of the quantities determinable by use of this sum rule may be calculated. The terms in Q were found to be of negligible importance in the other states treated, but here they have an apparently detectable effect since a consistent decrease in zJv*(Z = 0) was observed in both HCCF and DCCF with increasing J. Since the sign of I r\t> | was not fixed all that may be said for g is that it has the opposite sign from r\f. For HCCF Ir\t.I = 0.39 MHz, |?tt'|=l kH z and for DCCF j r\v j =0.19 MHz and | £tt' I = 2 kHz were determined.
In principle it was possible to estimate the values of <74,5 using expressions given in [1] but because of the uncertainty in sign of some of the constants it is perhaps better to postpone such a calculation until more data is available. Transitions of the state (0, (1, 2) 1 ) were measured for both HCCF and DCCF, but only in the case of DCCF were transitions of the state (0, (2, 1)1) observable, since in HCCF this state lies over 1600 cm-1 . For rotational transition below J = 3 we expect four | Z | = 1 components to be observed in this state. In all three cases four lines were measured, positioned roughly symmetrically about the centre frequencies calculated using the a-constants obtained from other vibrational states. The experimental values of v* for the transitions of this state are shown in Table 1 and are displayed in Figure 3 . From the Eq. (13) (and from calculations in which the matrix 10 was diagonalized) we expect two doublets the centres of which are 1/2gv apart, and it can be seen in Fig. 3 that these are in fact present. The value of gv calculated from the doublet separations is shown in Table 2 , and it can be seen that these agree very well with those determined from measurements on the relevant singly excited state. Using Eq. (14) and an assumed value of Dv values for Beu = (Bv-yii')> were calculated and are shown in Table 2 .
The actual interpretation of the observed transition frequencies however presented a more difficult problem. As may be seen from the Eqs. (11) and (12) the splittings of the symmetric and asymmetric doublets is dependent on a large number of constants and the data available here were certainly not sufficient to determine all of these. With the exception of the anharmonic constants gtx, gtv and values for the other constants were available from the measurements on other states or the constants themselves were small. For gtt, gtv and a large range of values were possible and as may be seen from Eqs. (11) and (12) the doublet splittings are strongly dependent on the magnitude of these constants. These equations are only accurate for the J = 1 -»2 transition but for the present discussion we will consider them to hold approximately for the J = 2 -> 3 transition. If we neglect all other constants except qt, gv, {7tt and gtt' and we consider the latter two as combined in a single constant G = gtt-2 g^, it can easily be seen that the doublet splittings divided by 2 (J + 1) have a maximum for G = 0 of approximately (0.5^ + 2^2)1/2, which reduces to zero as G 00. For the (0, (1, 2) 1 ) state of HCCF this maximum is ^28.8 MHz and for the (0. (1, 2)1) and (0, (2, 1)1 it was only necessary to select appropriate values of G in order to be able to reproduce the observed splittings. However as may be seen from the form of Eqs. (11) and (12) when the cross-terms G qf J(J-f 1) are of comparable magnitude to qt 2 J 2 {J + l) 2 , the normal 2(J -f-1) dependence of the transition frequencies of a linear molecule is disturbed. In the case of the (0, (1, 2) 1 ) state of HCCF the observed splitting in the J = 1-^2 transition was approximately reproduced with G = -120 MHz, but the splitting in the J = 2 -> 3 transition was not simultaneously reproduced, even when a procedure involving the diagonalization of matrix 10 was used, i.e. the 2(J+1) frequency dependence was lost as under these conditions of near resonance a strong J dependence was introduced. As may be seen from Table 1 our observations on the J = 1 -> 2 and J = 2 -> 3 transitions lead us to believe that the 2 (J -j-1) frequency dependence of the transitions in these combination states was largely preserved. With values of G in excess of 10 GHz the 2(J+1) frequency dependence of the calculated rotational transitions frequencies of these states was largely restored. However, for the (0, (1, 2) 1 ) states the calculated splittings were much less than those observed and in the (0, (2, l) 1 ) state of DCCF the situation was reversed. In principle the calculated splittings for this latter state could be reduced by increasing G to large values. In the range 100 to 5000 GHz the calculated splitting was very insensitive to the magnitude of this constant, and even with the largest value of G used the calculated splittings were still 3 to 4 times larger than those observed. Throughout this simplified discussion we have assumed that r£t < = 0. This is almost certainly not the case and this constant could be of considerable magnitude. Nevertheless the role played by r°tt-in Eqs. (11) and (12) is very similar to G since it generates cross-terms in (J(J+ I)) 1 / 2 -Consequently it appears that inclusion of this constant would not necessarily improve matters, with the possible exception that it would introduce a reduction in the calculated splittings for the (0, (2, l) 1 ) thus bringing the values closer to those observed. At the present time we have no explanation for this apparent disagreement between experiment and theory and because of the limited data available do not intend to persue this subject further. Whatever the cause of this effect the desirability of making measurements on higher J transitions of these excited states than those discussed in this paper is clearly demonstrated.
Discussion
The rotational constant Bv is given by In the determination of these constants it was assumed that no perturbations were present and the results are consequently an average over the observed values of -Bo --Bv • The observations on DCCF are reproduced better by the above constants than are those of HCCF, where the effects of minor perturbations were apparent. The extension of this procedure to states involving v4 and combination states involving v4 and V5 was limited by the data available, but the following sets of internally consistent constants were produced:
For HCCF from consideration of the states (0,11,0), (0,20.2,0), (0,(1,1)0.2) and (0,(1,2)1) the constants 1x4= -9.66 MHz, y4 =-0.28 MHz and y45 = -0.02 MHz were extracted. In the case of DCCF a problem was immediately encountered that from the value of (Bo-Bv) for the state (0, 2°> 2 , 0) it appears that y4 must have a positive sign whereas the combination states indicate a negative sign. Since in all other states a negative
